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Enzymes of HgR

All forms of Hg are biologically available.



Cysteine (Cys, C)



   Potent ia l Human Targets for Interaction with Hg(II) 
 
 
Sys t e m    P r o t e i n/Process    Molecular Target      
       
Signal transduction  
 
    P r o t e i n tyrosine phosphatase  I n variant Cys215   
 
    Z i nc Finger Proteins    M ultiple Cysteines   
 
    L I M proteins      M ultiple Cys-His domains 
 
 
Metal Homeostasis  
 
    Metallothione i n     M ultiple Cysteines  
    
    Menkes Disease (Cu)    "              " 
 
    W i l s o n's Disease (Cu)    "              "  
 
 
Renal transport  C H IP28 Water Channel   C ys 189 
  
 
Growth Factors  Trefoil, EGF-like, Cystine Knot  Three clustered cystine bridges   
  
 
 
CNS    Membrane Cysteine String Proteins Cysteine rich proteins   
     ( s y naptic vesicles and termini) 
 
Cardiovascular  a p o l ipoprotein(a)    C ys 4057 -  important for assembly 
 
 
Virus e s    H IV Tat prot e i n     C ysteine-rich protein 
 
 
Oncogenes   R A S      Thioether farnesyl linkage 



Why study Hg resistance?

Only naturally occurring system that biotransform a toxic metal in bulk

Handles inorganic and organic Hg(II)

Widely found in eubacteria and archaea that are the major Hg transformers
in highly contaminated settings.

Transposable and laterally transferrable in proteobacteria.

Highly conserved mecahnistically - I.e pump Hg(II) in and reduce to volatile
Hg(0)

Illuminates some basic biology of enzymology, gene regulation, redox 
metabolism

Employed in paradigm example of engineered metallophytoremediation



Transgenic merA tobacco plants survive
transplantation to contaminated soils and

detoxify Hg(II) to less toxic Hg(0)

WTWT WTmerA merA merA

GA Piedmont
2% organic

GA Coastal
2% organic

0 ppm 100 ppm 500 ppm

Heaton et al. (1998) Hort. Sci., Meagher (2000) Cur Op Plant Sci

Hg(II)

Poster, Weds night



MerB

The Bacterial Mercury Resistance Locus



Jeffra Schaefer, Rutgers

Gram +

Gram -



MerR, a
mechanistically
novel regulator

The Bacterial Mercury Resistance Locus

MerA, curiously
chimeric oxido-
reductase



Hg(II) provokes MerR to underwind

the MerO dyad center

-35-10

-10-35
merTPCAD mRNA

merR mRNA

CCATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAA

GGTATAGCGAACTGAGGCATGTACTCATGCCTTCATTCCAATGCGATAGGTTAGGTTTAAGTTTTCCCGGTT

MerR binding site

MerR’s “muscular” transcriptional control

Heltzel et al, Biochem, 1990, Frantz et al, Biochem. 1989, Lee, Livrelli, JBC 1993



Caguiat et al. J. Bacteriol181 (1999) 

Using mutants to
dissect the mechanism
of metal specificity
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MerR and MBD bind metals other than Hg in vitro and in vivo, 

                  possibly with differing specificities



MerR binds other thiophilic metals in vivo and in vitro 
so its specificity as a transcriptional activator must 
lie in more than just metal binding….
Possibilities:

Other metals do not provoke DNA distortion 
 

Other metals don’t bind MerR when it is bound to DNA

YES, Chuan He, U. Chicago, JACS 2004

NO, Song et al.,  JMB 2007, in press

Does Hg(II) provoke a conformational
change distinct from that of non-inducers?



19F NMR: Watching MerR’s Tyrosines

MENNLENLTIGVFAKAAGVNVETIRFYQRKGLLREPDKPYGSIR

RYGEADVVRVKFVKSAQRLGFSLDEIAELLRLDDGTHCEEASSL

AEHKLKDVREKMADLARMETVLSELVCACHARKGNVSCPLIASL

QGEAGLARSAMPSAWSHPQFEK 

Y27(Conserved) Y40 (not conserved)

Y46

OH

Tyrosine

OH

F

2-Fluorotyrosine (2-FY)

pKa 10.05 ± 0.04 9.04 ± 0.03

(conserved)
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A Candidate Allosteric 
Signalling Pathway in MerR 
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Using substitution mutants to assign resonances
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MerR only

Hg/MerR2 1.0

Cd/MerR2 1.0

Zn/MerR2 1.0

-116.7

Y27



  Y27a
-119.2

DNA-bound 
Y40E

Y40E

  Y27c
-120.9

 Y46c
-116.1

 Y46a
-116.6
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DNA-bound 
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MerOP DNA binding produces
large chemical shift changes
in Y27 and Y46 of wildtype
MerR and mutant Y40E
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Y46, downfield
Y27, no change

Y46, upfield
Y27, slight upfield

Y46, upfield
Y27, slight upfield

Metal-specific changes occur at Y27 and Y46 when MerR is bound to MerOP

So DNA constrains MerR’s response to each metal….

…and C82Y in the metal-binding site 
‘notices’ DNA binding. 

C82Y

DNA-bound C82Y
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Catalytic Core

One or two repeats of a domain 
that is homologous to small
proteins that bind soft metals 
such as Cu+1, Zn +2, Hg +2

flexible
linker

Multidomain flavoprotein
homologous with glutathione
reductase, obligate dimer

NmerA

NmerA

NmerA

NmerA Hg
Hg

Tn501
AA 1-69

Tn501
AA 96-561

Tn501
AA 70-95

cysteines 

Typical Structural Components of MerA
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NmerA Facilitates Transfer from Hg-Thioredoxin in vitro

HgTRX

v 
(µ

M
/m
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)- o -

- • -

kcat/KMHg-TRX =
   3.0 x 104 M-1 s-1

KMHg-TRX ~ 300 µM

kcat/KMHg-TRX =
   6.0 x 103 M-1 s-1

KMHg-TRX ~ 1200 µM

HgTRX + NADPH  ----------> 

              Hg(0) + NADP+ + TRX 



Potential Modes of MerB/MerA Interactions

A

B

C

MerB

MerA 
Core

NmerA

Cys-S(H) Hg(II)

A) Transient interaction
with direct transfer to Core
C-terminal cysteines

B) Transient interaction and
transfer to NmerA only

C) Stable complex with Core
but transfer facilitated by
NmerA

red.
site

C-term

C-



HgMerB + NADPH  ----------> 

              Hg(0) + NADP+ + MerB 

NmerA Facilitates Transfer from Hg-MerB

vrel

Consistent with Models B &/or C 

2 2.5 3 3.5 4 4.5 5

!
A

3
4
0

time (min)

0.02

Core only

Core + 40 µM HgMerB

Core + 40 µM HgMerB + 2 µM NmerA

FL MerA + 40 µM HgMerB + 2 µM NmerA

FL MerA + 40 µM HgMerB

50 nM
MerA

vrel

 0           2 µM

 1*          9.5

 0           2 µM

 2           13.6

*activity only 2-fold above 
background oxidase rate





Bacterial cell
contents to scale.

© David S. Goodsell 1999



The Mercury Shock Proteome --
With and without the mer Operon

Judy Wall,  Desulfovibrio

Tom DiChristina, Shewanella

Mary Lipton


